Imidacloprid may induce oxidative stress leading to generate free radicals and alternate oxygen free radical scavenging enzyme system. This study aims to investigate the hepatoprotective effect of broccoli water extract and ferulic acid on imidacloprid induced oxidative stress and DNA damage in male albino rats. Rats were co-treated with broccoli water extract (200 mg/kg) or ferulic acid (20 mg/kg) with imidacloprid (80 mg/kg) orally for 28 days.The results revealed that imidacloprid induced high serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP). However, administration of broccoli and ferulic acid reduced these parameters. Broccoli and ferulic acid significantly (P<0.05) attenuated the imidacloprid-induced increases in lipid peroxidation (LPO), tumor necroses factor α (TNF-α) and nitric oxide (NO) contents and meyloperoxidase (MPO), glutathione-S-transferase (GST) and glucose-6-phosphate dehydrogenase (G6PD) activities. Imidacloprid decreased reduced glutathione (GSH) while co-treatment with broccoli and ferulic acid significantly (P<0.05) improved the level of GSH. DNA damage as assessed by comet assay was increased in imidacloprid-treated group. However, DNA damage was decreased in
INTRODUCTION
Imidacloprid is newer nicotine analogue systemic insecticide (Kammon et al., 2010). Imidacloprid exposure leads to marked biochemical, histopathological and ultrastructural changes in various organs so imidacloprid was found to be a potent hepato, nephro and neurotoxic agent (Soujanya and Rajendra, 2013). Induction of oxidative stress is one of mechanisms of the action of many pesticides (Kapoor, et al., 2010) and imidacloprid is one of them (Toor et al., 2013). Imidacloprid was found to induce DNA damage in a doserelated manner in earthworms as well as to increase the frequency of adducts in pesticide-treated calf thymus DNA, indicating agentinduced genotoxicity (Zang et al., 2000) . Broccoli is a cruciferous vegetable, a member of the cabbage. It is densely packed with vitamins, especially vitamins A and C and minerals that promote health. It has broad antibiotic propertiesincluding nematocidal, antimicrobial, antiprotozoal and insecticidal activities (Subramanian and Gowry, 2011). In addition broccoli contains the flavonols quercetin and kaempferol, the carotenoids β-carotene and lutein, and the glucosinolates that may reduce risk of certain types of cancer (Podsedek, 2007) . Recent researches suggested that both dietary broccoli and the individual components sulforaphane and indole-3-carbinol might offer protection from cardiovascular, neurodegenerative diseases and inflammation (Hwang and Lim, 2014). Ferulic acid is a natural antioxidant phenolic acid, found especially in wheat, corn, rice, tomatoes, spinach and cabbage (Anselmi et al., 2007).
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Moreover, ferulic acid is an effective antihepatotoxic agent without side effects and may be a good candidate for a natural hepatoprotective agent (Rukkumani et al., 2004) . Therefore, the present study was aimed to elucidate the hepatoprotective role of broccoli and ferulic acid against imidacloprid-induced oxidative stress and DNA damage in rats.
MATERIALS AND METHODS Chemicals
Ferulic acid, GSH and thiobarbituric acid were purchased from SigmaAldrich Co. (St. Louis, MO, USA). Imidacloprid 20% suspension obtained from First Kim for fertilizer and Agricultural pesticides Co., Egypt. TNF-α ELISA assay kit was obtained from eBioscience. All other chemicals and reagents used were of analytical grade.
Plant extracts
Broccoli purchased from Experimental Station of Medicinal Plants, Faculty of Pharmacy, Cairo University was dried, powdered before extraction. One hundred grams of broccoli were extracted by percolation with water. The aqueous extract was filtered then freeze dried. Water extract was used for further study. -Group 4 was treated with broccoli extract at the rate of 200 mg/kg body weight. -Group 5 was treated with both imidacloprid (80 mg/kg) and ferulic acid (20 mg/kg). -Group 6 was treated with both imidacloprid (80 mg/kg) and broccoli extract (200 mg/kg). These drugs were administered by oral gavage every day consequently for 28 days. At the end of the experiment, rats were sacrificed by cervical dislocation and blood was collected without any anticoagulant. The serum separated was used for studying the serum biochemical profile ALT, AST and ALP using commercially reagents. The livers were removed and washed in cold isotonic saline. The livers were homogenized in 50 mM phosphate buffer (pH 7) using an electronic homogenizer to prepare 10 % w/v homogenate. The homogenates were centrifuged at 3000 rpm for 10 min at 4°C. The supernatant was used for the estimation of LPO (measured as MDA) ( Comet assay was used to estimate DNA damage. Ethidium Bromide-stained DNA (using a 40X objective) were observed on a fluorescent microscope. Komet 5 image analysis software developed by Kinetic Imaging, Ltd. (Liverpool, UK) linked to a CCD camera were used to assess the quantitative and qualitative extent of DNA damage in the liver by measuring tail length, tail DNA % and extent tail moment.
Statistical analyses
Statistical analyses were performed with SPSS software and were calculated using one-way ANOVA followed by the least significant differences (LSD). P<0.05 was considered to indicate a statistically significant result.
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‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ـــــــــــــــــ‬ ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ــــــــــ‬ 5 Table 1 , broccoli extract had markedly contents of total phenolics (45.5±2.7), total flavonoids (11.3±0.9) and total isothiocyanate (2.9±0.2). We monitored hepatic dysfunction caused by imidacloprid toxicity by measuring AST, ALT and ALP liver enzymes. Fig. 1 shows that serum analysis revealed a significant (P< 0.05) increase in mean values of AST, ALT and ALP, by the administration of imidacloprid in rat when compared with control group. Significant decrement (P<0.05) appeared in AST, ALT and ALP activities in groups treated with broccoli extracts and ferulic acid co-administration compared with the imidacloprid. 
RESULTS

As shown in
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Co-administration of ferulic acid or broccoli significantly (P<0.05) reversed the above values when compared with imidacloprid group. GSH and LPO levels, GST and G6PD activities were increased in imidacloprid group when compared with the control group and these changes were ameliorated by supplementation of either ferulic acid or broccoli extract when compared with imidacloprid group. However, no significant changes in hepatic GSH and LPO levels, GST and G6PD activities in both ferulic acid and broccoli extract when compared with control group. Hepatic levels of NO, MPO and TNFα were markedly increased (P<0.05) after the administration of imidacloprid when compared with control group. These effects were opposed significantly (P<0.05) when co-administered with either ferulic acid or broccoli extract when compared with imidacloprid group. However, the levels of hepatic NO, MPO and TNFα were not significantly altered after ferulic acid or brocclli extract administration when compared with control group (Table 3) . 
PR O TE CTIV E E FFE CT O F B R O CCO LI … … .. ‫ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ـــــــــــــــــ‬ ‫ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ‬ ‫ــــــــــ‬ 7
DISCUSSION
The widespread use of pesticides in public health and agriculture programs has caused severe environmental pollution and health hazards, including cases of severe acute and chronic human poisoning (Abdollahi et al., 2004). In our study serum AST, ALT and ALP activities were significantly increased in imidacloprid intoxicated group. These results suggest that administration of this insecticide cause destructive changes in hepatic cells leading to the release of the enzymes from the cytoplasm into the blood circulation after rupture of the plasma membrane and cellular damage (Bansal et al., 2005) . 
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Fig 2: Images of cells analyzed by comet assay in the hepatocytes of rat liver. (1) Control group (Undamaged), (2) Imidacloprid-intoxicated rats group (Strongly damaged), (4) and (6) Ferulic acid and Broccoli extract groups (Undamaged) and (3) and (5) Ferulic acid or Broccoli + Imidacloprid intoxicated rats group (slightly damaged).
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Pesticides can induce oxidative stress by generation of free radicals that might cause lipid peroxidation, alternations in membrane fluidity, DNA damage and finally carcinogenic effects (Singh et al., 2006) . In this study, the observed increase in LPO and a concomitant depletion in GSH level, suggests that the increased LPO may be a consequence of depleted GSH stores. Increased level of LPO in hepatic tissue in the present study supports the results of Giray et al. (2001) who have reported an increased level of LPO in hepatic tissues of rats administered cypermethrin. In addition, we observed significant enhanced activity of GST, which is understandable in the light of depressed GSH levels. GST is a detoxifying enzyme that catalyzes the conjugation of a variety of electrophillic substrates to the thiol group of GSH, producing less toxic forms ( cypermethrin, dimethoate and chlorpyrifos treatment caused a significant increase in GST activity. This induction may be due to the GSH and glutathione dependent enzymes system that provide major protection against the toxic agents. G6PD is the key enzyme of the pentose phosphate pathway that is responsible for the generation of NADPH (required for conversion of oxidized glutathione to the reduced form) and essential for the protection of cells against oxidative damage (Marks, 1961) . In the present study, G6PD increased significantly in liver after imidacloprid treatment.
In the present study, imidacloprid administration caused an elevated production in NO and TNF-α levels in liver. Similarly, Duzguner and Erdogan (2012) have reported that imidacloprid causes oxidative stress and inflammation in central nervous system and rats' liver. Beside NO and TNF-α, MPO is another well-known inflammatory enzyme, highly expressed by activated neutrophils, characterised by powerful prooxidative and pro-inflammatory properties (Valentina et al., 2008) . The significant increase in MPO activity observed in the present study, may be attributed to increased neutrophils production due to imidacloprid induced inflammation evidenced by elevated production in NO and TNF-α levels in liver. Neutrophils can be activated by cytokines, such
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as TNF-α and IL-8 and are then mobilized to the site of inflammation (Hallett and Lloyds, 1995) . In the present study, the levels of tail length, extent tail moment and % DNA in tail were significantly increased in imidacloprid-treated group when compared with control group. Several reactive mutagenic and genotoxic lipid peroxidation products in particular malondialdehyde (MDA) and 4-hydroxy-2-nonenal (HNE) have been identified to bind to DNA and to damage it (Eder et al., 2006) . Moreover, reactive oxygen species produced from imidacloprid can attack DNA, producing a distinctive pattern of DNA alterations (Kovacic and Somanathan 2008). In this study, the broccoli extract had 45.5±2.7mg/100 g total phenolics, 11.3±0.9 mg/100 total flavonoids and 2.9±0.2 µmol/g total isothiocyanate. So the observed preventive activity of broccoli extract in our study may be suggested due to the presence of these compounds. The antioxidant activity of phenolics and flavonoids, which act as reducing agents and hydrogen donors, has been studied (Williams et al., 2004). The present study revealed that co-treatment of imidacloprid with either broccoli extract or ferulic acid caused a significant decrease in serum levels of AST, ALT, and ALP, also it significantly restored the hepatic level of GSH, GST, activities near normal and concomitantly decreased LPO levels and decrease DNA damage when compared to imidacloprid treated group. Wargovich (1999) reported that cruciferous vegetables namely cabbage, cauliflower and broccoli are rich in anticarcinogens, glucosinolates, flavonoids, vitamins, and mineral nutrients which are potent modulators of xenobiotic metabolising enzymes that protect DNA from damage (Moreno et al., 2006) . In particular, isothiocyanates and indole derivatives, including sulforaphane, phenylethyl isothiocyanate, and indole-3-carbinol, are reported to have antioxidant and anticancer activities (Stoews, 1995) . A possible mechanism of reduced activities of the tested enzymes and hepatoprotective effect of broccoli extract may be attributed to its antioxidant effect of the phenolic and flavonoid compounds. Broccoli possesses hepatoprotective capacity and may have potential therapeutic 2004 ). In the current study, co-administration of broccoli and ferrulic acid successfully decreased the levels of NO, TNF-α, and MPO activity in the imidacloprid-treated rats. Broccoli is anti-inflammatory due to their high content of polyphenols and flavonoids (Wood et al., 1982) . Moreover, Hwang and Lim (2014) have reported that production of the pro-inflammatory cytokines TNF-α, IL-1β, and IL-6 was also inhibited by broccoli in a dose-dependent manner.
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In conclusion, the present study concluded that the water extract of broccoli and ferulic acid had hepatoprotective effects against imidaclopride-induced oxidative stress and DNA damage in rats. The high protective effect of the broccoli extract on imidacloprid appeared to be attributed to its high total phenolics, total flavonoids and total isothiocyanate contents.
